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Introduction
Thousands of gasoline stations have shut down over the past 50 years. Many of them could be regarded as petroleum brownfields because they have the presence, or potential presence, of contamination. Owners of these former gasoline stations (many of which have been cleaned up) may be in need of a profitable use for the land. At the same time, there is a large push to increase the amount of alternative fuels used in vehicles in the United States because of their numerous environmental, economic, and geopolitical advantages. All of these fuels require refueling facilities that are convenient to vehicles, which tend to be the same sites as former gasoline stations. However, these former gasoline stations are not suitable for all fuels, and it is critical to identify what ones could be used for certain alternative fuels.
In 2008, the U.S. Environmental Protection Agency (EPA) launched the RE-Powering America's Land initiative to encourage the development of renewable energy on potentially contaminated land. As part of this effort, EPA's Office of Underground Storage Tanks (OUST) is collaborating with the U.S. Department of Energy's (DOE's) National Renewable Energy Laboratory (NREL) to evaluate the feasibility of siting alternative fuel stations at former gasoline station sites.
This report describes NREL's methodology for determining if a former gasoline station would be a good site to sell a given alternative fuel. It first does this at a regional level, where multiple regions and corridors that have favorable conditions for selling alternative fuels are identified. It then focuses on one particularly promising fuel/corridor combination-electric vehicles (EVs) on the Interstate 5 (I-5) corridor from Seattle, Washington, to Eugene, Oregon. The evaluation then focuses on specific sites within this corridor and presents a checklist for site owners to selfevaluate their potential to sell electricity to EVs. This checklist is brought to life through two case studies of real former gasoline stations on the I-5 corridor. Finally, this report offers practical guidelines on how a site owner gets the proper electric vehicle supply equipment (EVSE) installed, permitted, paid for, and operational.
Alternative Fuels Considered
This assessment considers five alternative fuels to varying degrees. A thorough breakdown of these fuels, their compatible vehicles, preferred markets, relative strengths and weaknesses, and required infrastructure can be viewed at the AFDC. In this report, greater focus is given to fuels with larger need for new refueling infrastructure and with greater requirements for strategic deployment of infrastructure. Strategic deployment is generally required for fuels that have no ready substitute in the vehicle using them and fuels whose vehicles have more limited range. The fuels considered in this report are displayed in Table 1 . It is possible to combine refueling facilities for more than one fuel on the same property. Some fuels have synergies. For example, the most economical way of making hydrogen is to reform it from natural gas. Therefore, an on-site reformer and hydrogen station pairs well with a natural gas station. Another good pairing is ethanol and biodiesel because there are substantial cost savings if the equipment for both is installed at the same time (in the same hole and through the same dispensers) as opposed to separately. There are also limitations to what refueling stations can share the same property. Electrical charging stations will require a certain distance (not yet determined) from most other liquid and gaseous fuels in order to eliminate the threat of spark ignition.
Screening Criteria
NREL has access to numerous geographic data sources that serve as criteria to screen locations where an alternative fuel would best be sold. These criteria are first applied to the entire nation to identify regions in need of refueling infrastructure and then applied to the local level to specify what locations would be best for retailing specific fuels. This section outlines these criteria in the order that they are prioritized and leaves discussion of how these screening criteria are prioritized and an assessment of available data for Section 4. This section shows maps of the criteria that apply to all fuels, while the fuel-specific maps are in Section 5.
Land Revitalization Corridors
Given the purpose of this project, the first criterion to determine what regions are suitable for alternative fuels is whether or not it has a land revitalization corridor. These are corridors where EPA, in conjunction with state and local partners, is helping to facilitate efforts to get former gasoline stations into reuse while protecting human health and the environment. These corridors are listed in Table 2 and mapped in Figure 1 . 
Local Target Areas
Some alternative fuels have extremely strong support at the local level. This support is represented by such factors as signing on to programs that promote specific fuels, devoting grants toward the fuel, and enacting legislation to promote a specific fuel. These factors are aggregated by the AFDC Incentives and Laws Web page, 2 programs such as Project Get Ready,
Existing Infrastructure
Refueling infrastructure is a prime indicator of where a given fuel is currently being used. If refueling stations are operating, it is assumed that there are vehicles that can use the fuel and a population that is willing to use the fuel. NREL tracks the fueling stations selling alternative fuels and makes the data available at the AFDC Alternative Fueling Stations Web page. 4 Maps for each fuel will be shown in Section 5.
Gasoline Prices
When other factors are equal, higher gasoline prices improve the economic case for using alternative fuels. Therefore, gasoline prices have been taken into consideration when deciding, for the purposes of this study, which regions of the nation to target with alternative fuels. Figure 2 maps the average gasoline prices throughout the United States. In general, it is cheapest in the Southeast and gets more expensive as you move north or west. California has the most expensive gasoline, followed by New York, Connecticut, Washington, and Oregon. 
Vehicle Density
The density of alternative fuel vehicles (AFVs) using a given fuel (in vehicles per square mile) is another good indicator for the potential use of that fuel. NREL calculates the density by dividing the number of vehicles per zip code (purchased from R.L. Polk & Co.) by the area of that zip code and has mapped it in Figures 4 and 9. Density is preferred over the direct number because it helps take into account the fact that people have a limited distance that they are willing to drive to refuel. Therefore, density provides a better representation of the number of AFVs that could conveniently refuel at a given location rather than the number that could possibly refuel there if they were willing to drive across an entire zip code.
State Incentives
State incentives toward a given fuel make that fuel more attractive to use. These incentives range from tax credits for installing refueling infrastructure to allowing AFVs to drive in the high-occupancy vehicle (HOV) lanes. State incentives are tracked by the Incentives and Laws Web page Environmental benefit is one of the most commonly cited reasons for using alternative fuels. For some alternative fuels (namely electricity), this benefit is dependent on location. The environmental benefits of most other fuels are relatively consistent across locations and therefore not relevant when assessing where to locate the fueling infrastructure of these fuels.
Prioritization and Availability of Screening Criteria
Not all of the screening criteria were given equal weight; nor do they all have the same level of data availability. Table 3 lists the criteria, as prioritized from left to right, along with the availability of the data. 
Biodiesel X -X X -X Consistent X denotes that NREL has applicable data to map, and it is suitable to inform decisions.
-denotes that no applicable data is available. "Consistent" means that the environmental advantage does not depend on location.
Land revitalization corridor is the top priority because the purpose of this project is to point out former gasoline station sites that would be appropriate to revitalize. This project builds upon work done by EPA to determine the corridors where revitalization is needed. This corridor data is relevant to all fuels.
Local "target areas" include a series of factors that reflect the fuel's popularity in the local population as represented through their elected government. These factors are given much weight because they represent commitments made and funds allocated towards the adoption of an alternative fuel in a given area. As such, these factors are weighted more heavily than existing infrastructure because they represent conditions that are current or even forthcoming while the existing infrastructure represents current and sometimes past conditions. Only two of the fuels (electricity and hydrogen) have reliable data for target areas. This criterion is not considered for the other three fuels.
Existing infrastructure is weighted more heavily than gasoline prices because it is assumed to take into account a variety of factors, including gasoline prices, that make retailing a fuel favorable within a given region. This data is available and relevant to all fuels.
Gasoline prices are weighted more heavily than vehicle density for two reasons. One is that the most popular AFVs are flex-fueled vehicles (FFVs), which usually run on gasoline if the price of gasoline is cheaper. The other reason is that the other vehicles that are mapped, HEVs, are assumed to be closely tied to higher gasoline prices. This assumption stems from temporal trends linking HEV sales to gasoline prices. 6 Vehicle density is prioritized over state incentives because the quantity of state incentives is not tied very closely to the efficacy of those incentives. NREL has vehicle density data for FFVs and HEVs (which is used as a proxy for electric vehicles).
Gasoline prices are available and relevant to all fuels.
State incentives are the lowest priority criteria in cases where the environmental advantage is highly valued. NREL has state incentive data for all of the fuels.
Environmental advantage could be at the bottom of the prioritization list or rise much higher depending on two factors: (1) The motivation of the project partners. Do they want to support alternative fuels for environmental reasons or other reasons? (2) What fuel are they considering? The environmental advantage of most fuels is the same regardless of where it is used, which renders this factor irrelevant for those fuels. The exception to this factor is electricity, whose effect on climate change varies widely according to region. This will be discussed in greater depth in the next section.
Fuel-Specific Location Assessment
In order to identify the best regions to convert former gasoline stations to sell alternative fuels, the screening criteria were applied to each alternative fuel individually.
Electricity
Electricity and EVs currently benefit from numerous local initiatives pushing to encourage infrastructure expansion. This assessment for EV's takes four types of local initiatives into account. These local initiatives are detailed next and listed by location in Table 4 Figure 3 shows local initiatives, current EV charging infrastructure, and state incentives encouraging EVs and charging infrastructure. The charging infrastructure includes all three levels of charging (to be explained in Section 6.1). State incentives can range from passes for EVs to drive in HOV lanes up to a Colorado tax credit that covers 85% of the additional cost of an EV. The state incentives are listed on the AFDC Incentives and Laws Web page. The black circles on Figure 3 highlight the areas where these four factors combine to make the market particularly receptive to new EV infrastructure projects. The next logical question is: Where do the people who will purchase EVs live? To answer this question, it is assumed that the populations that have purchased the most HEVs will also be the populations to purchase EVs. This logic is based on the idea that people who purchase cutting edge, clean vehicles will continue to stay on the cutting edge as technology progresses. Figure 4 shows a map of the HEV densities, charging stations, local focus areas, and land revitalization corridors. The regions showing high potential are circled in black. These areas are the same as in Figure 3 , with the addition of three new regions-Highway 1 from the greater Washington, D.C., area to Portland, Maine; the Atlanta-Chattanooga-Nashville-Knoxville area; and the DallasHouston corridor. The environmental benefits of EVs depend on where the EV is located. This is because the greenhouse gas (GHG) intensity of electricity varies greatly depending on the fuel source and, therefore, the location. Figure 5 shows this GHG intensity and, therefore, the most environmentally beneficial places to promote EV and charging infrastructure. The data source is EPA's Emissions & Generation Resource Integrated Database (eGRID), which is then interpolated between power plants so that a location that is closer to a high-emitting (usually inefficient or coal-burning) power plant shows up as a having electricity with a higher GHG intensity. The black circles show that the same areas that looked favorable for EVs on the HEV map also look favorable on the GHG intensity map, with the exception of the Dallas-Houston corridor, the greater Denver area, and the greater Chicago area. The Seattle-Eugene corridor looks particularly favorable, with its abundance of renewable electricity.
www.epa.gov/cleanenergy/energyresources/egrid/index.html. Accessed April 2011. Table 5 lists the regions that are the best candidates for the installation of electric charging stations when all factors are taken into account. It then ranks them qualitatively based on if they are a favorable location for EV infrastructure as previously discussed. The Seattle-Eugene and San Francisco-Los Angeles corridors are the top priority because they both are favorable in all seven factors. The regions listed as second priority are all favorable for six of the seven criteria, with gasoline cost being the unfulfilled criteria for all except Route 66 out of Los Angeles. The third-ranked locations both look unfavorable for two criteria, the fourth-ranked have three unfavorable criteria, and the fifth-ranked have six unfavorable criteria. 
Figure 5. GHG intensity, land revitalization corridors, and EV infrastructure
Natural Gas
Natural gas vehicles (NGVs), like EVs, have a limited range. However, their deployment strategy is fundamentally different than EVs because most NGVs are heavy-duty vehicles. As such, NGVs tend to be used in fleets of transit buses, refuse trucks, school buses, and delivery trucks. These vehicles all have circular routes that lend themselves well to refueling at the same station every time. However, greater route flexibility and range is added if two or more stations are established within driving range of one another. This range enhancement can be optimized by placing stations along a corridor. Having other stations nearby also reduces operating costs because multiple stations can hire a single contractor to be on call for station breakdowns and emergencies. Figure 6 illustrates where some of these synergies between stations might best be achieved on former gasoline station sites. Natural gas corridors are already being developed on I-5 in Washington and Oregon, I-99 and Route 66 in California, and Route 1 from Virginia to Massachusetts. There is a strong base of stations in the Chicago-Milwaukee area, which presents the opportunity for stations to expand west and south along designated land revitalization corridors. This map does not include "hot spots" comparable to EV hot spots because all but two incentives listed in the AFDC are state-based instead of local, and the grant programs supporting natural gas infrastructure are spread out. The map does not include NGV density because that data is not currently available.
When the limited data for natural gas is taken into account, the four regions circled in purple on Figure 6 are the most favorable regions in the nation to install natural gas refueling infrastructure. These four regions also have relatively high gas prices-in this comparison, high gas prices means over $3.20, as shown in Figure 2 . 
Hydrogen
Hydrogen requires the most strategic station placement of all. This is largely because there are so few existing stations, while the targeted population is light-duty vehicles instead of fleets with circular routes. Furthermore, hydrogen stations and vehicles require specialists to maintain them; these specialists are rare. Therefore, most hydrogen stations have been established as part of the California Fuel Cell Partnership in collaboration with DOE's Technology Validation Program. This partnership has established the Los Angeles and San Francisco areas as hubs from which to grow, so those two cities can be considered the "hot spots" for hydrogen. As shown in Figure 7 , these two cities are the only promising places to add hydrogen stations when you take into account all of the available screening criteria (including gasoline prices). 
Ethanol
Despite having the most developed refueling infrastructure of any of the alternative fuels and the FFV being one of the "more flexible" fuels, there is a great need for additional 85% ethanol (E85) refueling stations in America. This is because, at 8.35 million vehicles, 9 the E85-capable FFVs are the most numerous AFVs, and there is more ethanol produced in this country than any other alternative fuel. Furthermore, the Renewable Fuel Standard II 10 When considering potential sites for E85 stations, it is of utmost importance to keep in mind where current stations are. There are four reasons for this. First, ethanol has no "hot spots" to take into account since it is promoted widely throughout the Midwest and beyond. Second, it is best to site new stations in regions where there are other stations because the other stations raise the customers' awareness for the fuel. Many FFV owners do not even know that they can use E85, but current E85 stations tend to participate in public awareness campaigns and advertisements. Third, a new station should not be located so close to an existing station that it competes with it for business. Finally, station operators should be interested in creating corridors requires 36 billion gallons of alternative fuel to be used by 2022, and ethanol (cellulosic and corn-based) is legislated to supply 31 million gallons of this.
of E85 stations and filling in gaps between stations that are located far apart. E85 stations are likely to do well when they are within the refueling range of a large number of FFVs driving on a roadway that are used to using E85. Figure 8 serves as a useful tool for spotting promising locations for new E85 stations. All circled areas contain revitalization corridors within states that have six or more E85 incentives. The area around Chicago, Illinois, is circled as a good location because the concentration of E85 stations is already relatively high there. Therefore, the awareness of E85 by FFV owners and the E85 purchases per FFV should be relatively high there. This is affirmed by the fact that the Chicago Clean Cities Coalition ranks in the 85 th percentile (among 86 coalitions) for its per-FFV E85 use. 11 The I-5 corridor through Oregon and Washington and the I-35 corridor in Texas (also circled) are favorable locations to add stations to relatively established corridors. Two areas are also circled (I-99 and Route 66 in California and Sayre, Oklahoma) that would be favorable opportunities to split gaps between groups of stations. The next criterion to be assessed is the density of FFVs, which is mapped in Figure 9 . It confirms that four of the previous five areas are favorable locations to add E85 stations. The area that is not confirmed is Sayre, Oklahoma, because its FFV density is too low. The map also highlights two more regions-Route 1 from Washington, D.C., up through Boston and Highway 41 in Florida. Table 6 enables us to simplify and directly compare all of the screening criteria available for ethanol by region (as reported in Figures 2, 8, and 9) . It highlights the four best regions to install E85 infrastructure, and three other regions that are less ideal. Figures 3-10 highlight eight corridors as being an exceptional opportunity for at least one alternative fuel. As summarized in Table 7 , the San Francisco-Los Angeles corridor was outstanding for all five alternative fuels, while Seattle-Eugene was exceptional for four. Chicago-Milwaukee was a prime choice for three fuels, and Highway 66 from Virginia to New York was great for two. These corridors would be exceptional locations for a multi-fuel program to convert former gasoline stations to sell alternative fuels. However, to illustrate the next phase of the site identification process, this report will specify one fuel. 
Alternative Fuel Summary
Electric Charging Stations in the Seattle-Eugene Corridor
This report uses electricity as the fuel with which to delve into the local strategy used to site a station. This is because, due to the current expansion in EV production, 12 the large increase in research and development (R&D) funds for EVs and batteries, 13 the President's goal of 1 million EVs by 2015, 14 the shortage of current recharging infrastructure (only 8% of alternative refueling stations are EV charging sites 15 This section focuses on Level 2 (medium speed-explained in Section 7) electric charging stations in the Seattle-Eugene corridor and gives a checklist of how to determine the best specific sites. It does this through two case studies-Tacoma, Washington, and Albany, Oregon. Both case studies use the same checklist and start by identifying areas with many sites with leaking underground storage tanks (LUSTs), which include former gasoline stations. The 10 property characteristics on the checklist were developed to help prospective EV station owners determine what former gasoline station sites, or other similar sites, are most promising to convert to alternative fuel stations. The case studies highlight that not all items on the checklist need to be answered affirmatively in order for the site to be promising.
), and the limited range of EVs, EVs are arguably the largest opportunity for new "refueling" infrastructure. As shown in Table 4 , the Seattle-Eugene corridor is one of the most promising locations to further investigate.
Tools to Complete Checklist
Five tools are available for site owners to assess their potential as an EV charging station. They are described below, and their use will be demonstrated in the next section's checklist. Figure 11 . This map combines HEV populations, EV charging stations, EV focus sites, land revitalization corridors, and regional populations of LUSTs. Former gasoline stations are a subset of all LUSTs, and many non-gasoline station LUSTs were screened out, so the map of LUSTs is considered to be a good indicator of where there is a high concentration of former gasoline stations.
GIS map seen in
commercial properties. Many federal properties (which are mandated to use alternative fuels) such as military bases and national forests automatically show up on the maps.
Google Maps's "street view" function.
This tool allows anybody to view the current property and get an initial feel for if the planned route to nearby attractions is within walking distance while they wait for their EV to recharge. north and south of the city on I-5. These areas are viewed as places for EV owners to charge their vehicles when travelling on I-5 (GIS map).
Proximity to other charging stations.
Tacoma is approximately halfway between (and 20 miles from) the station at SeaTac airport and the four stations in Lacey/Olympia (GIS map and AFDC station locator).
4. Proximity to EV focus area. Tacoma is a short (14 mile) drive from Auburn, Washington, which received ARRA funding to put in charging stations and purchase EVs. Tacoma is five times the size of Auburn, so chances are great that many of Auburn's residents will travel to Tacoma for shopping and entertainment. During these times, EV owners are likely to use a charging station outside their homes. Many EV owners within the EV focus areas have charging stations installed at their homes, so in many cases it is better to install in a neighboring community (GIS map).
Close to major EV corridor road.
The site is less than 0.5 mile from I-5 (GIS map and Google Maps). Much of their activity is in Seattle, and they need to travel through Tacoma to go between the two cities (Google Maps).
(Google Maps).
9. Walking distance to commercial area. The site is 0.4 miles from the Tacoma Dome, which should supply ample customers that will be parked for the length of one game. It is also within walking distance of numerous bars and restaurants that surround the stadium. In addition, it is one-third mile from the "Freighthouse Square," which has ample shops and is a key link between car traffic and rail traffic (Google Maps).
Station complements core business.
A Google street view of the property shows an abandoned site. This means that EVSEs do not necessarily complement core business, but the owner could add infrastructure such as a convenience store or vending machines to increase profits (Google Maps). 
Choosing EVSE
EVSE includes the equipment between the utility power and the vehicle. EVSEs usually include an interface (plug) to the utility power and a control device, cord, and connector to the vehicle. Thanks to the Society of Automotive Engineers, the connector will now be the same no matter what EV you are charging. 21 This is because their new standard J1772 calls for all Level 1 and 2 connectors to use a connector with five pins-two alternating current (AC) power, one ground, one communication line, and one proximity detection pin that disables the car while plugged in. Different EVSEs take different amounts of time to deliver a full charge to the battery. These chargers are grouped by levels described below. Station owners must be cognizant of the amount of time they expect a vehicle to be plugged in. Level 2 EVSE is currently the closest to fitting the needs of the EV drivers that will charge their cars at the type of sites identified in this report. Costs and times cited below are from eTEC 2010, but these costs are highly dependent on specific project conditions and are rapidly changing. For current EVSE costs (pre-installation), please visit www.pluginamerica.org/accessories. 
Installing EVSE
The electrical contractor should develop a site plan showing all electrical equipment, where the EVSE will be located, parking spaces, and more. The contractor should be able to interface with the utility to ensure the proper upgrade of utility service. The contractor should also use the site plan to obtain all necessary permits from the approving authority.
There are three considerations that are sometimes outside the purview of electrical contractors. First, the electrical cord is a substantial tripping hazard that needs to be mitigated by proper placement of the control device. Second, assessments on where water will run or stand in a major storm should be done to ensure that the EV will never be charged while standing in water.
Finally, precautions such as proper lighting should be taken to ensure the safety of the EVSE (against vandals) and the clients.
Paying for EVSE
The Alternative Fuel Infrastructure Tax Credit reimburses 30% of the cost of all EVSEs, up to $30,000. More can be read about this tax credit and similar credits offered by state governments at the AFDC Incentives and Laws database. 
Connecting to Adequate Power Supply
The utility can discuss options of tracking the amount of electricity passed through the EVSEs and various payment options, such as time-ofuse pricing, available to large electricity customers.
The utility can inform the electrical contractor of the site's capacity and how many EVSEs they can support as well as help them upgrade their service. This is especially important if the site plans to install a Level 3 EVSE, if they plan numerous Level 2 EVSEs, or if they are in a residential neighborhood (as opposed to commercial).
Conclusion
Communities with former gasoline station sites may be in need of a profitable use of their land just as the push for alternative fuels is in need of locations for their refueling stations. This can be a fortuitous transition if the site is in the right location and has the right attributes for a given fuel. Based on corridors where land revitalization efforts are underway, local efforts to promote alternative fuels, current alternative fuel infrastructure, gasoline prices, AFV locations, incentives at the state level, and environmental benefits, a few regions of the country appear to be great candidates for converting petroleum brownfields to alternative fuel stations. The most favorable of these regions are Highway 99 from San Francisco to Los Angeles; the I-5 Corridor from Seattle, Washington, to Eugene, Oregon; the greater Chicago-Milwaukee area with expansion through Illinois, Iowa, and Wisconsin; and Route 1 from Quantico, Virginia, through New York.
Under closer investigation, the EV recharging infrastructure in the I-5 corridor proved to be a very promising niche of petroleum brownfield conversions. The LUST sites in this area, which include former gasoline stations, were mapped along with features that indicate EV traffic to enable prospective EV station owners the ability to assess the potential of converting specific sites. A checklist was presented to enable thorough evaluation of a site along with a set of tools to aid in this evaluation. Guidelines were then laid out for what a prospective station owner in the Seattle-Eugene corridor needs to do to convert a former gasoline station site to charge EVs, which may decrease the number of unproductive petroleum brownfield sites by increasing the number of productive alternative fuel stations. This conversion would result in improved land use, reduced GHG emissions, and reduced independence on foreign oil.
